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It is frequently suggested that export diversification contributes to an acceleration of growth in developing countries. Horizontal export diversification into completely new export sectors may generate positive externalities on the rest of the economy as export oriented sectors gain from dynamic learning activities due to contacts to foreign purchasers and exposure to international competition. Vertical diversification out of primary into manufactured exports is also associated with growth since primary export sectors prevalently do not exhibit strong spillovers. Yet there have been remarkably few empirical investigations into the link between export diversification and growth. This paper attempts to examine the hypothesis that export diversification is linked to economic growth via externalities of learning-by-doing and learning-by-exporting fostered by competition in world markets. The diversification-led growth hypothesis is tested by estimating an augmented Cobb-Douglas production function on the basis of annual time series data from Chile. Based on the theory of cointegration three types of statistical methodologies are used: the Johansen trace-test, a multivariate error-correction model and the dynamic OLS procedure.
Given structural changes in the Chilean economy, time series techniques considering structural breaks are applied. The estimation results suggest that export diversification plays an important role in economic growth.
F o r P e e r R e v i e w
INTRODUCTION
The idea that export diversification contributes to an acceleration of growth in developing countries is a recurrent idea in development economics. In theory, there are a number of channels through which export diversification might positively affect output growth. By increasing the number of export sectors, horizontal export diversification can reduce the dependence on a limited number of commodities that are subject to extreme price and volume fluctuations. Such swings in foreign exchange revenues may hamper efforts at economic planning, reduce import capacity, and contribute to an undersupply of investment by risk adverse producers (Dawe, 1996) .
Thus, decreasing export instability through horizontal export diversification may provide significant development benefits.
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According to the Prebish-Singer thesis, vertical export diversification into manufactures may be useful if there is a general trend toward declining terms of trade for primary products (Athukorola, 2000) . These arguments in favour of export diversification on the grounds that diversifying the export portfolio reduces export earnings variability and leads to terms of trade gains are based on neoclassical trade theory, which is not strictly relevant to long-run economic growth.
However, it can be hypothesised that export diversification affects long-run growth as suggested by endogenous growth theory, which emphasises the role of increasing returns to scale and dynamic spillover effects (Amin Gutiérrez de Piñeres and Ferrantino, 2000) .
Improved production techniques associated with export diversification are likely to benefit other industries through knowledge spillovers (Al-Marhubi, 2000) .
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The possible sources of these knowledge externalities include productivity enhancements resulting from increased competitiveness, more efficient management styles, better F o r P e e r R e v i e w 3 forms of organisation, labour training, and knowledge about technology and international markets. As Chuang (1998) argues, entering competitive international markets requires knowledge about foreign buyer's specifications, quality and delivery conditions. To satisfy these requirements, foreign purchasers help and teach local exporters to establish each stage of the production process and improve management and marketing practices. The development of efficient quality control procedures, management and marketing methods, product specifications and production guidelines is simultaneously fostered by the increased competitive pressure in world markets. If knowledge is generated through a systematic learning process initiated by exporting activities, developing countries will gain from orienting their sectors towards exporting.
Hence, horizontal export diversification will have a positive net effect on aggregate output. Since manufactured exports tend to offer greater potential for sustained learning and more spillover benefits to other activities, many endogenous growth models suggest vertical diversification out of traditional primary exports into dynamic manufactured exports (Matsuyama, 1992) . Accordingly, horizontal and vertical export diversification may positively affect growth.
Despite the popularity of the hypothesis of diversification-led growth there have been remarkably few empirical investigations into the implied links between export diversification and growth. To our knowledge, only Balaguer and Cantavella-Jordá (2004), De Ferranti et al. (2002) , Amin Gutiérrez de Piñeres and Ferrantino (2000) and Al-Marhubi (2000) have examined the impact of export diversification on economic growth.
3
Cross-sectional studies by De Ferranti et al. (2002) and Al-Marhubi (2000) find evidence in favour of diversification-led growth. Similarly, Amin Gutiérrez de Edwards and Edwards (1987) and in the book edited by Bosworth, Dornbusch and Labán (1993) . In the following we present some stylised facts. First, we can observe a pattern of relatively high long-run growth, which, however, was interrupted by three Besides, policy mistakes such as inadequate banking supervision and a misguided effort to control inflation via the exchange rate exacerbated the recession. After the debt crises Chile started a long period of economic growth briefly interrupted by the Asian financial crisis, which hit the Chilean economy in 1998-1999.
[Figure 1]
The Chilean long-run growth performance described above was led by an increase and diversification of exports, as several authors have argued (Agosin, 1999; Ffrench Davis, 2002 (Fischer, 2001; De Ferranti et al., 2002) .
[ Table 1 ]
III. EMPIRICAL MODEL
Against the background of the previous discussion of growth and export diversification in Chile, we now set out a model to test the hypothesis that export diversification is linked to economic growth via externalities of learning-by-exporting and learning-bydoing. For this purpose, we consider an economy with n sectors and Z n export sectors. We assume there is one firm in each sector and the production of each sector f [1, n] at any point of time t is characterised by a neoclassical production function: First, knowledge is mainly generated within the export sectors of the economy as a result of learning-by-exporting and learning-by-doing activities. The idea behind learning-by-exporting is that exporters gain from the knowledge base of their buyers as foreign purchasers offer advice on productivity enhancements. Learning-by-doing is associated with knowledge creation as a side product of production, depending on the firm's cumulative output. Thus, an export-induced expansion of the firm's output increases its stock of knowledge. The process of knowledge generation is simultaneously accelerated by the competitive pressure of the international marketplace.
For simplicity it is assumed that each one of the Z t export sectors produces the same amount of knowledge W e , so that the level of aggregate knowledge can be written as
Due to the fact that W et is taken as a constant parameter, 
However, as many authors have argued, learning effects may depend on the structure of exports.
9
In particular, since primary exports may not have a high potential for learning- by-doing and learning-by-exporting, knowledge creation is expected to increase with the share of manufactured products in total exports. Hence, the knowledge externality that we consider here takes the form ), , (
where the share of manufactured exports in total exports (IX t ) and the number of export sectors (Z t ) are proxies for the stock of knowledge in the economy.
Second, knowledge, W t , is a public good that is regarded as constant within all sectors. We assume that W t affects all sectors equally but how W t affects function F f is neglected by the export sectors. Treating W t as given, F f behaves like a constant-returnsto-scale production function. Let there be perfect competition in the sense that all firms are price takers, and set , , ,
the total production Y t in the economy can be written as
where K t represents the stock of accumulated capital, L t is the labour force of the economy and the parameters *, +, ,, -are constants. Adding the number of export sectors and the share of manufactured exports in total exports as explanatory variables (6) implies that horizontal and vertical export diversification are linked to economic growth via externalities of learning-by-doing and learning-by-exporting (since ,, -> 0). To investigate the long-run relationship between export diversification and economic growth along with capital and labour, equation (6) is expressed in the following log-linear regression form:
where L represents the natural logarithms of the variables, and e t is the usual error term representing variables not included in the model, exogenous shocks, and errors of measurement; e t is assumed to be white-noise and normally and identically distributed.
The log-linear specification implies that the estimates of *, +, , and -are elasticities according to equation (6). Therefore, a simple, testable, and theoretically consistent test for the diversification-led growth Hypothesis is:
Consequently, the diversification-led growth hypothesis will not be rejected by the data if the estimates of , and -are positive and statistically significant. 
IV. DATA AND ECONOMETRIC METHODOLOGY
The data used to estimate equation (7) said to be integrated of order d, I(d>0), because they have to be differenced d times to achieve stationarity (difference stationary series). In the case where nonstationary time series are not driven by a unit root process, they are subject to deterministic time trends (trend stationary series). By removing the deterministic trend they can be made stationary, I(0). The trending behaviour of the underlying series is investigated by means of unit root tests. However, standard unit root tests, such as the AugmentedDickey-Fuller test, may be biased in favour of identifying data as integrated if there are structural changes (Perron, 1989) . For all the series there is indeed a strong likelihood (1970) (1971) (1972) (1973) , the 1975 recession, and the Latin American depth crises (1981)).
Therefore, we undertake the unit root test developed by Perron (1997) . The Perron procedure permits a formal evaluation of the time series properties in the presence of structural breaks at unknown points in time. It allows the break date to be identified endogenously by the testing procedure itself. However, the Perron procedure allows only for one possible break point for any single series. To consider the possibility that two break points occurred over the relevant period we apply Kapetanios' (2002) Stock (1987) to estimate a long-run relationship among I(1) and I(0) variables. However, the endogeneity of any of the regressors may influence, asymptotically, the robustness of the estimates. Since some of the variables are potentially endogenous, the dynamic ordinary least squares (DOLS) proposed by Saikkonen (1991) and Stock and Watson (1993) is applied. The DOLS procedure has the advantage to provide unbiased and asymptotically efficient estimates (7), even in the presence of endogenous regressors.
V. EMPIRICAL ANALYSIS

Time series properties
The determination of the order integration of LY t , LK t , LL t , LZ t , and LIX t is crucial when carrying out the analysis by means of the Johansen, the ECM and the DOLS procedures.
It is well known that standard unit root tests are not be able to reject the unit root hypothesis if the deterministic trend of a series has a break. The methodology developed by Perron (1997) 
where y 1t and y 2t are the series of interest, R is a difference operator, TB T denotes the time at which the change in the trend function occurs and DU t = 1(t>TB), D(TB) t Perron (1997) , the hypothesis of difference stationarity and a unit root is rejected.
Since considerable evidence exists that data-dependent methods to select the value of the truncation lag k are superior to choosing a fixed k a priori, we follow Perron (1997) and use the t-sig method. Here, k max is specified to be four. If the last included lag is insignificant, the number of lags is reduced by one and the equation is reestimated, until a significant lagged dependent variable is found. If none of the coefficients on the lagged variables are found to be significant (at the 10% level), no lags are utilised in the test. Table 2 contains the results of the sequential unit root tests 
where y t is the variable considered, m denotes the number of breaks, and DU i,t and DT i,t are defined as in equation (8) variables, we chose the date of the first structural break such that the sum of squared residuals is smallest among all possible break points in the data set. Imposing the estimated break date on the sample, we start looking for the second break. Again, the second break point is associated with the minimum of squared residuals.
The results of testing the unit root null against the two-break alternative are reported in Table 3 . Except for the selected break points, they do not differ from the results of the Perron (1997) procedure. As it is more plausible that there are two breaks in the export diversification data (the first for the strong discrimination against exports as of 1971 and the second before the rapid trade liberalisation and the spectacular increase in diversification of exports during 1974) we summarise the main points of our results as follows:
[ 14 That is to say, to estimate the parameters *, +, , and -of equation (7) we take the residuals (lix t and lz t ) from a regression of LIX t and LZ t on a constant, a time trend and two indicator dummy variables (DU t,i ) for structural breaks in 1971 and 1973. 15 As the export diversification data are detrended they can be regarded as stationary.
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For every 
Testing for cointegration
Having confirmed the existence of a unit root in the GDP, the capital stock, and the labour series, the multivariate cointegration technique developed by Johansen (1995 
where y t is an (n × 1) column vector of n I(1) Variables, Y k is a coefficient matrix, µ represents an (1 × n) vector of constants, p denotes the lag length, and ; t is a disturbance term independently and identically distributed with zero mean and constant variance.
Since y t = [LY t , LK t , and LL t ]' is assumed to be I(1), letting Ry t = y t -y t-1 , equation (12) can be rewritten in first difference notation reformulated in error correction form (ECM) (13) implies a long-run relation between the number of employed people, capital stock and real GDP (in logarithms).
[ Table 4 ]
Having found that the relation LY t -LK t -LL t is stationary, we also determine the cointegration rank in the system of n = 2 export diversification variables, lix t and lz t .
Results are presented in Table 5 . According to the trace test there exist r = 2 cointegrating vectors, which implies a full-rank matrix [. This result confirms our earlier conclusion that lix t and lz t are stationary. In the following we will include lix t and lz t in the long run relation between LY t , LK t , and LL t by fitting an error correction model to these variables.
[ Table 5 ]
Estimation of the long-run elasticities: Error correction model results
We employ the one step error correction model according to the technique of Stock (1987) to estimate the coefficients of the long-run relation between export diversification and economic growth along with capital and labour. The estimation is based on the Bewley (1979) transformed single equation form of equation (13) From equation (16), it can be inferred that Chilean GDP increases by 0.44 percent in response to a one percentage increase in numbers in export sectors. A one-percent increase in the share of manufactured products in total exports results in a 0.21 average percent increase in GDP. This indicates that (horizontal and vertical) export diversification plays an important role in economic growth. According to the estimates the contribution of capital to GDP is more significant than labour. This feature is in line with economic theory that suggests that opening to trade and the elimination of distortions increase the average quality of capital and improve the allocation of capital towards sectors with higher marginal productivity. A further reason for capital stock growth to be more important for GDP growth is that the structural base of Chile, like other developing countries, may be characterised by capital shortage and labour abundance. Any further growth in the labour force would therefore not contribute to economic growth as much as growth in the capital stock.
However, it is important to emphasise that the right hand side variables of equation (16) are assumed to be weakly exogenous. If the regressors are not weakly exogenous, the single equation ECM will be biased and inefficient and t-tests based on the model parameters will be highly misleading. In that, we cannot be sure that economic growth in Chile is really driven by export diversification.
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Estimation of the long-run elasticities: Dynamic OLS results
To check for the robustness of the estimates, we apply the Dynamic OLS (DOLS) procedure developed by Saikkonen (1991) and Stock and Watson (1993) . The use of this procedure ensures that our estimates are valid even if some of the explanatory variables in (16) 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 where *, +, ,, and -are the long-run elasticities and a 1 , a 2 are coefficients of lead and lag differences of the I(1) regressors, which are treated as nuisance parameters. These serve to adjust for possible endogeneity, autocorrelation, and nonnormal residuals and result in consistent estimates of *, +, ,, and -. Similar to regression (14) the dynamic OLS is carried out up to second order of leads and lags.
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The results of the DOLS procedure are presented in Table 6 . 23 The diagnostics tests statistics underneath Table 6 do not indicate any problems with autocorrelation, heteroscedasticity or nonnormality.
All p-values exceed usual (5%) significance levels. 24 Thus, valid inference can be drawn from the estimated elasticities:
[ Table 6 ] Again, the results in table 6 show that both vertical and horizontal export diversification significantly influence Chilean growth along with capital and labour. The estimated elasticities *, +, ,, -are positive and statistically significant. The magnitude of the coefficients in Table 6 does not differ substantially from equation (16), except for the coefficients of Lix. Compared to equation (16), Table 6 contains a much lower elasticity of vertical export diversification. The most obvious explanation for the large difference between the coefficients (0.21 and 0.08) is that the share of manufactured products in exports is likely to be not weakly exogenous. If there are potential feedback relations between LY t , LK t , LL t , lz t , and lix t , then in equation (16) (16) is likely to exceed its "true" value in Table 6 . Similar to equation (16), a one percentage increase in numbers in export sectors results in about 0.5 average percent increase in GDP. Thus, the relationship between the degree of horizontal export diversification and aggregate output is economically large. This finding is in line with the results of Al-Marhubi (2000), who used the same indicator to measure export diversification.
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In connection with the theoretical foundations underpinning our model, the estimation results argue for the hypothesis that horizontal export diversification is linked to economic growth via externalities of learning activities. These learning activities lead to improved production techniques, more efficient management styles, and better forms of organisation benefiting the economy as a whole. Interestingly, the estimated elasticity of horizontal export diversification (, = 0.49) is much higher than the elasticity of vertical export diversification (-= 0.08).
Accordingly, orienting sectors towards exporting is more important for economic growth than rising the share of manufacturing exports in total exports. Though we should emphasise that vertical export diversification in Chile mainly reflects the rapid expansion of some few resource-based industries with low or medium levels of technology such as food and feedstock, wood and forestry products. Further diversification of Chile's exports towards a wide range of manufacturing products with higher technological contents possibly generates stronger growth effects. Nevertheless, the Chilean case demonstrates that export diversification on the basis of natural resources can accelerate growth, since most of Chile's export sectors rely on natural resources. positive, which implies a negative correlation between export diversification and aggregate output. 6 The Central Bank of Chile classifies the Chilean manufacturing exports according to the comprehensive definition of manufacturing of the ISIC. 7 The declaration refers to three digit export sectors according to the SITC definition. 8 It is empirically not directly observable. 9 See, for example, Chuang (1998 ), Matsuyama (1991 .
10 Augmented Dickey-Fuller and Phillips-Perron tests would indicate that each series is integrated of order one. (Results are not reported here). However, the observed unit root behaviour is the result of failure to account for structural changes.
11 The additive outlier model implies that the change in the trend function is sudden. The innovational outlier model implies that the break in the series does occur gradually.
12 All our empirical tests have been carried out by EVIEWS 5.0. 13 The unit root tests proposed Lumsdaine and Papell (1997) 14 Collinearity between lz t and lix t was investigated by inspecting the correlation matrix. The correlation coefficient of 0.50 indicates a low degree of collinearity between the detrended series. In contrast, if we compute the correlation matrix of the trended series (LZ t and LIX t ) we have a correlation coefficient of 0.96, indicating a very high degree of collinearity. 15 To assess the structural stability of the trend stationary models, we additionally calculated the recursive residuals. Recursive residual analysis also suggests that there are structural breaks in 1971 and 1973. 16 Results in the next section further confirm that lz t and lix t can be regarded as stationary. 17 The lag length was determined using the Hannan-Quinn and the Schwarz criterion. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 23 t-ratios in parentheses underneath the estimated coefficients. ** and*** denote the 5% and 1% level of significance respectively. The number in parenthesis behind the values of the diagnostic tests statistics are the corresponding p-values. JB is the Jarque-Bera test for normality, LM (k), k=1,3, are LM tests for autocorrelation based on 1 and 3 lags, respectively and ARCH (k) is an LM test for autoregressive conditional heteroscedasticity of order k =1, 2, 4. White = White test for heteroscedasticity of the errors. 24 Following Stock and Watson (1993) the insignificant leads and lags were not dropped. If we follow Hendry`s general-to-specific approach the residuals appear not to be as free of autoregressive conditional heteroscedasticity, although the coefficients for the explanatory variables are reasonably similar. 25 However, the results are not directly comparable due to different estimation methods and different economic variables in the estimation equations.
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